Abstract. In systems biology, networks represent components of biological systems and their interactions. It is a challenge to efficiently represent, integrate and analyse the wealth of information that is now being created in biology, where issues concerning consistency arise. As well, the information offers novel methods to explain and explore biological phenomena. To represent and reason with inconsistency as well as provide explanation, we represent a fragment of a biological system and its interactions in terms of a computational model of argument and argumentation schemes. Process pathways are represented in terms of an argumentation scheme, then abstracted into a computational model for evaluation, yielding sets of 'consistent' arguments that represent compatible biological processes. From the arguments, we can extract the corresponding processes. We show how the analysis supports explanation and systematic exploration in a biology network.
Introduction
Systems biology is an inter-disciplinary field that emphasizes the analysis of whole biological systems and the interactions occurring within them. Instead of reducing the behavior of biological systems to that of its parts, biological phenomena are studied as components in a network of interrelated processes that span multiple domains and levels of granularity [14] . Computational methods in systems biology rely on the construction of models that can predict the behavior of biological systems, the integration of large amounts of data derived from multiple sources, experimental methods and domains as well as the study of networks of interactions between the components of biological systems [13] . Biological networks represent components of biological systems and their interactions [3] , which have been crucial in the analysis of protein-protein interactions [12] , side-effects [15] and human disease [11] .
Several large curated knowledge repositories have been created to store information about these interactions [6, 10, 15] , and the application of high-throughput technologies in molecular biology further contributes to the rapid increase of information about interactions that occur in biological systems. It is an ongoing challenge to efficiently represent, integrate and analyze the wealth of information that is now being created in biology. Integration and analysis of data in systems biology is challenging on different levels: first, for curators of scientific data and knowledge bases, it is difficult to identify inconsistencies from source textual materials; second, data repositories may be incomplete, error-prone, or inconsistent; third, combining multiple repositories is difficult and can lead to inconsistencies; and fourth, the wealth of information that is now available requires entirely new analysis methods that can identify explanations and supporting evidence for biological phenomena.
Novel computational representations and implementations that can automatically represent and reason over biological phenomena can facilitate curation of databases, data retrieval, integration of data across multiple domains and levels of granularity, and assemble alternative or competing interpretations for experiment results. Here, we explore the possibility to represent biological systems and their interactions in terms of argumentation theory, a computational model of argument which is used to represent and reason with inconsistency. We will use the example of biochemical pathways to illustrate how components and their interactions in biological systems can be represented using the framework of argumentation theory.
Abstract argumentation frameworks (AFs) are a means to represent and reason with inconsistencies. AFs use graphs of nodes and arcs, where the nodes represent abstract arguments, having no internal structure, and the arcs represent attacks between the arguments [7] . Over complex networks of arguments, we can calculate extensions, which are sets of arguments which are mutually compatible, though the intersection of the sets has incompatible arguments. Where arguments are related to component propositions, then extensions are semantic models of a domain. Adding or subtracting arguments (and their corresponding attacks) from an AF gives rise to alternative extensions. Such frameworks have been widely developed to handle non-monotonic reasoning.
However, abstract arguments are not useful for representing instantiated arguments, that is, arguments with some internal structure or content such as in logical syllogisms or in presumptive reasoning argumentation schemes [20] . Such instantiated arguments appear in knowledge bases, which themselves are widespread for many domains. Some efforts have been made to relate abstract to instantiated arguments [1, 2, 5, 19, 23] ; these tend to have domain specific forms. One of the strengths of argumentation schemes is that they provide an 'explanation' or 'justification' of a conclusion; where schemes are chained together, a rich explanation is provided.
In this paper, we develop an argumentation scheme to support reasoning for biomolecular pathways; a reaction in a pathway is represented in terms of propositions in an argument that has premises, exceptions, a rule, and a conclusion, where the inhibitions or perturbations are represented as exceptions. Instantiated schemes or chains of schemes represent arguments. Such arguments can
